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^ii^S^AI ^e.MS 103-3 6/5 ^mm^ 105 
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mB\^ ni42^£i ^^o\\ s\m sa. ^ais ;gi60i°i 
Oil 2|s^ MS!^A^ m m=?muQ. maei 

^^9^ (21) 



20 S 29,000 S! 

20 ^ 20.000 a 

0 a 0 SI 

23 S.^ 845,000 S! 

894,000 S! 

1. fi^^Ai-SAllAi(£e)_1S 
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1020030020786 '^7^: 2003/4/24 

7]^c;\] nn-^ ^^^^cf. cl«2l. :y-ol, ^^2^0.^ ^^^^-^I^ Si 

^^711- S^^^O^^Ai ^BB^ vflo1]Ai AiS. f^^^ ^^^^ 4^ Si-^-S. 

S. la 
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1020030020786 %^ 'U^}- 2003/4/24 

^£.^1 {METHOD OF FORMING THIN FILM OF SEMICONDUCTOR 

DEVICE} 

JE la S. le^ ^ ^^2] ^X\<:^] 12] wVn]- ^'^^M 7ll^£ 

S. 2a £. 2d^ ^ ^'^fil ^^]^] 2^ ^^^^^^^ ^^*>7l 

S. 3a tfl^l £ 3f^ ^ -^Alc^l 30^ ^^^^^j-'^^ ^^^>7l ^tb 7lls^=£ 

£. 4a vfl^l £. 4hfe ^ ^'^^ '^^1<^1 4CH1 ^l^}- ^£^1 ^^^^^^ 

^ ^"^^ :i^>o^ H^B]- ^tb ^-2.^. ^4*>7)1^ ^-§-#^ 

-i: ^ ^£1- ^>-^l-7ll ^-Al^ -a-Efloll^i Cff^S)-* ^^^^^ ^ 
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1020030020786 %^ ^^]-: 2003/4/24 

<6> ^^}^ sis.* ^^^7] Cfoj:^ :g.^^ r^^c^ n|o. 

1-^ ^ Stb Cf«a:*].Cf. 

<7> tiViE^l .5i;^V^ ^^^^i ^ *>u|-^ ^SJ^BAlElCcapacitor)^ -R-^^^ 

^S.^ ■^'a*>7ll ^'^^^<^<^> tb^. ^, -f^t!: ^SwIsl^Kstep coverage) ^ ^ 
^S.(uniforraity)* -S-t}-^. 
<8> ZLBluj-, ^«]:^ o.^ >^>-§-5]Jl 2l-t}-a^ 7]^ #^i-(Chemical Vapor Deposition; 
CVD. o]^, "CW'^Jl ^^-J ^ 7]^ #^HPhysical Vapor Deposition; 

PVD, ol^>. "PVD"2l-Jl ^4.) *9-^«^l ^^j^ -6-^^^ ^£^1 ^:^>^ 

^l^l^lofl #^^1-^1 ^^1-4. >^7l l-s]^ 71^ ^61] ^^A^ ;^1^*> 

^^1<H1 >^>-§-«>:E.S., TltHBl^l^l 2:^0] <H^c]-. itl-Sl-A^. ^V7l ol-g-^l-c^ 

(epitaxial growth) , ^>ol#s^ (cycl ic) CVD ^J"*^ , ^^^1 ^(digital ) CVD , 
a^^:^(advanced) CVD ^ ^^>f^ 2^#(Atomic Layer Deposition; ALD, ol^>, "ALD" 

<io> ^7] o)l3i) A^;^- aj-ig^ ^^f^^S. ^^^^]^ ^^o] Dfl-o o.^^|.^Ai£ 

36-5 



1020030020786 #^ *g^>: 2003/4/24 

•a^^"?! CVD ^ ALD IJ-'^^ 7m S^<^1 ^^^^1-7] ^«fl >a-7l 7>«i*l- 

^, ^^^<y 7><i ^Hl- ^^AlT^ ^7] nll^m 7>^^>Jl ^Z^-A] 

^7l ^-g- ^£ ^]o] ^3:^^17171 i^^o] ^^^SX^. p]^ 

^ us 2002/0066411 A1(<^1^>, "66411"^^ ALD ^S. ^^«J-^<^1 71] 

^^Isl'H $X^. ^7] 66411^^^ 7l^^ ^^^1^ ^ ^cfi ^>^-^ 

cfltt^^ "§-711^^ ^2002-0091643(<^ls^>. "91643"^^ehi t}-i=|-.)<^l 

(microwave)* ^]-%-^ ^]2:.^^^o] yflAlsjo] c^z]., ^7] 91643 ^]ML^ 

^Sofl^i ^ SJiq-Jl i}^^^. ^7] 91643^ ^cJ-'^ att 7]:^:^ :sj^^o. 

S. 71-^^1-^ ^o]^s. 7><i^ 71:^:^ ^^^l7l7l ^«flA^^ ^£7> '^'^^ o].^ ^ 

^^^17] 71 ^^V ^#Al^ ^ o;i0.ul., .^71 ^£7> 71:^^ 

^^]^]7] ^SflA^^ ^xg- Al^ ^lo^SlJL, ^>^^ar>Jl^l. §>fe Bl-ol ^3.71- ^71-3:^ ^'^l «1 
^1*H ^-§- ^^Hlol ^71- ^7l-t!:Cl-. O.^, ^£.^1 dl^l- ;«llSol -g^^ ^^^].^ 

21 ^7># ^-^^^171 7)1 ^Cl-. 
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1020030020786 ^^V: 2003/4/24 

<16> ^ y^x^o^ y^]2 ^.^~er ^-§-1-^* ^^2^0.^ %>^^5|-Al^ o.^>i^ ti>^^3£=. 

^1 7^011 ^^^^^ ^^1» i^3:>^ ^^^] ±7^^ ^^^^cJ-'^* ^l^tbcf. 

<19> -^7] 42 ^^^^^7] ^ ^^^^ ^^ttl ^£^1 7m 'S'-^S. 

H<a*m ^^], ^71 ;^11#^<H1 ;«llloflM^l# ;^1^^<^ >^7l l^V 
Ir-^^Sj-Al^ o,^M| >^7l y^S.M] 7]%<=]] ^^aIt^ 41 ^^^^ ^4, ^7] 41 

%^^^}JL ^7] ^flal ifloil ^^^}^ ^111-^* tifl#^l7lfe ^^1. >^V7l ;«lll 
^ ^4 42^^-^ S.<^^^}^ ^4 ^ 'S-71 ^11 ^^^^oll ^7] 41 ^^^^ :^z^^^o] 

2^> %^^2|-5l^ ;^l2ollul^ll. 4^^}C^ ^7] 41 ^^^^ ^^^l^^S.'i*! >S-7l 
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^ ^iE^ ;«ll2<Hm;^l<^l ^7] mM:^^ ^£^1 7l:^ofl ^^^-^ ^ 

^^1. ^7] :4l ^^^-^ ^^^tyjL ^7] ^M] tfloll ^^^^ ^111-^^ Hfl#Al^l 

^^n^ ^2}-#^oi 2^> %A^5|-sl^ ;^l3oilM:^l» ^]^^^ ^7] ^11 

A^2}-Ai7i^ cj;^] ^ >^v7i 41 ^ ;^l4oim^loil ^7] ;=^121-^^ ^7] 

tH Cf^ ^^o^ MVn^^ ^ ^-^^S, A]:^^ c]-^^ ^ o;^cf. 

<22> ol^>, ^ ^^^1 ^^^Vcf. 

<23> ^ ^^^1 «>£S11 4l^Vo^ ^A^Uj-ig 6. ^o.2|. ;y.c|. 
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1020030020786 %^ 'U^}: 2003/4/24 

<26> >^7l ^^-^ ^^^*>^ 1:1-^5!). 

^l^.*><>i ^7) ^7] wV^^l 7l^ ^oil l-^'^l ^] 

^ll^^^^^l ^^^]^ m ^7] 2^> ^^i^^ ^7] ^l2oim>^lofl 

^°lttt^. ^7] ^HlioflM^l ^12<^)H^1^ iH^ ^71^ ^ 

<28> olnfl, ^71 7]:^ ol^ji ^ ^^7] ;Hl2#^* ^^^o.^ ^^^sJ-a] 

7] >a-<Hl ^^Ai^ o.^>«) ^71 ti}.-§.^:g ^ ;^131-^^ ^7] 

;|iaj-l-^oi oi^sjfe ^£:e.t4 ^711 o.s.>w| .^71 «}-§-#^# ^ ;«I141-^^ -id^ 
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1020030020786 ^^ '^7^: 2003/4/24 

^o_s. ^7] m^^^-^'^'^] ^^^]^ ^12 ^ ^ 

<30> clnfl, ^7] m ^ ^14 7M^o.^ <Hm^l* -¥-7V^o.^ Zl-Zt 

<3i> Htb. ^ ^£^1 ^^V^ ^1-^ ^^^"cJ-'^^ cf^^ ^c]-. 

^11 ^^^^^ ^71 ^-g- <^m^l<^l ^tb ^1-. S£^ 2)^0. 

<33> ^7] m ^>^^«>J1 ^3-71 ^V] tfl^fl ^^*>^ «fl#'^l^T=f. >^7l 

^11 1^^^ ^<H1 ^12#^* S'iJt!:!^. ^7l ^^e]-<Hl >a'7l ^ll ^^^^ 
^^^o\] «vn^^ ^^Jtb^-. ^7] 2^V ^7] ;^l2ofl M <Hl ^«fl ^ 

<34> >a-7l ^IHui^l SE^ ;«fl2oim^l^ ^7]^ «J ^ >^7l 

^llofluixl ;«ll2oim^l7l- €7l^<y ^7] ^lll-^ SEfe ^121-^^ 
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1020030020786 %^ 'U^}: 2003/4/24 

^711 ^^^1^^S->M^ ^7] ;*1131-^^ ^71 ^n<^] ^^^]^ 
^7] ^ofl ^^n^r ^^^^ ^^^^}JL ^7] ^flwl vfl 

<=>il ^^*V^ ^7] ;^13 1-^^ «fl#^mi:1-. ^7] ;^l2^^B^-ofl >a-7l ^12#^^S] ^^^^ 

^7] aV-S-l-^l- ^ ^141-^^ ^^a^ o.^ ^1-71 >ll2^^^^oll ^S^^]^ ^12 

^12 ^1-^^ ^7] xJi\6\] ^^^1-^ ^14 tifl#t!-cf. 

<36> -^7] m ^ ^14 711^2^0.^ ^^^^^l^'l^ <^1M^1* -^7>^ Z^-Z]- 

<37> olS!|. ^o. HV^^].c^ ^^^tbcf. 

<38> -^7>^^S. ^ ^^$] tiV^^l ^^>o^ «Vn^ 

^^sl-AlT^l ^£1- ^^Al^cf. ^71 ^^^^^ «:^^^^l7l^ ;^12 <Hm;^11- ^1 

^7l ^S. ^ ^7] ;*I12 <H1M^1^1 >a-7l aViE^l y]^'>\] ^ 

^^]^ ^^^^ n^i^^. ^7i ^^^^ ^7] tflcfl 

^lll-^^ tifl#^l?lcf. ^7l ^11 ^^^^ >^oil ^121-^^ :£^tl:4. ^7] ^^^oi] 

^5.* ^'^^mcf. ^7] ;*112#^^ -a^^ ^ 9X^ ;^l4«^lui^ll. y^]^^ 
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1020030020786 ^^ ^^>: 2003/4/24 

<41> ^Al<^] 1 

<42> £ la £ le^ ^ ^>^o] ^^lo^l uvo]. ^a^hJ-i^^ ^^*>7l ^fl: 

<43> i la# ^^*>^, tfl<Hl ^^h^ «V£^1 71^(110) Si a^<^l *l:B-^A]7l 

(hydroxy 1 group. -0H)(115)« ^a^^ ^7\m^. ^7] 7]^^ ^.^^^ 

<44> ^7] ^l^jg 7]:^ .^o^l ■^^^3r|-(microwave)# '^■71 ^S.^] 

7]^ S.^<^] ^7] ^(alternating current field)* ^^^t!-^-. ^7] iE^ ^7]^-Sr 

^7] ^■o]^^.x\7]s] s]^(rotation) ^^(100)* -a--£t!r^-. t^l-ef^l . ^7] S]^ ^^<^1 

<45> £ lb* ^2,t}^, ^7] 'U^i ^^S. a>£^l 7m ^^S. Al ^^^1 

(precursor )( 120 )S 5L^*>fe «>-§- S.'a^c^ ^-§-^ (1)^ ^-§-* 7l^ ^ll-8-€ 
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1020030020786 %■^ <^7.}: 2003/4/24 

<46> [tiV-§-^ 1] 

Zr(NMe2)4 + 2H2O ^Zr02 + 4H-N(Me)2 
<47> ^7] ^-^^ ilM 9X'^^j, ^7] -Me^ -CH3* Slul^cf. 

<48> :e icl- -f-a. ^£^1 7]:^ >^o.s. Zr(NCH3)4l- -^-71 ^£.^1 

7]% K^o\] ^^ofl A^7] ti>S.^l 7148- s^ofl Zr(NCH3)4fe 

(activated)slcH ^7] ^]^^X\7]S. 7]s^ K'd'^] 5l-^^^^(chemisorped)s)o^ ^ 

^i-l-(130)^ ^^^t!-^-. <^1«fl. ^7] m ^ oi^ 

<49> i id» ^s^ri-^, ^7] ^aM-(i30)^ i^tb 7]^ ^^s. ^#7] <a;;^> 

(140)* 

<50> £ lei: :t2:*>^, ^7] ^^7] -^^V ^ ^^#(130)^ ^-g-^^ ^Volofl 

^S. ^l^^cf. icfHl-A^. >y-7l ^2l-#(130)^ ^12:^ *lH.^Al7l^ Zr02 ^ 

<51> ^7] ;^111-R-^^ ^^^^ ^^^}^] ^*>ul lfl<Hl ^^^>^ ^-§-#^ ^q^S. «fl# 

(annealing) ^^<H1 ^«fl ^>S--?-^°ll ^1^^ «^l^^Al7l* y^]7]t^ ^ ojtcf. 
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1020030020786 %^ ^^>: 2003/4/24 

<54> 2 

<55> S. 2a ifl^l i£ 2d^ ^ ^^Sl ^AHl «Vn^ ^^*>7] 7ms. 

<56> £ 2al- ^^*>^, ^^tt^ ^<H1 ^j-^^ tiViE^l 7]:^(210) ^^^^1-J1^> ^1-^ 

<57> ^1-71 £og4g ^^l-^l-oll Cflgfl, >a-7l Z]-Z^-ol ^ jio. 

<58> ^^^<^] ^^}^^s. ^^^i(22o)« s^^v^ ^-g-i- 

^-§-^ (2)2] wV-g-^ 71^ -H-^^^ ^^^ti-^. 
<59> [aV-l-^ 21 

2A1(CH3)3 + O3 ^AlgOs + 3C2H6 
<60> -o^^ yi-o.^^ ^ A1(CH3)3 o] ^^t}^ ^^^Cwave number)* ^fe ^ll ^ 

^^(200)^ S^l-t}-i4. 

<61> S. 2bl- ^3:*>^, ^1-71 a^Sq^l ^AHl ^7| Al (^3)3 o] ^l-s:>^A^ 

§^J^(activated)Sl<H >S-7l «>S.;*11 7l:^«ifl ^«|-^2Kchemisorped)s|<H ^2h^(230)^ 
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1020030020786 #^ -^^l-: 2003/4/24 

<62> olo^Ai. >3-7l H]:-§-#^ ^ ^^(240)^ >a^^^S ^ ^fe 

^12 ^5q>5d(200a)^ 

<63> £. 2cl- ^S^l-^a, l-^^sl-oll Sl«fl AI2O3S ^11-^^^(245)^ 

<64> £ 2d# %-3:*>^, ^^-a^ 3^^^* 2:^*>«:^ ^12 ^^^1(250)« ^L^^Vfe 

<65> [aV-g-A] 3] 

HfCU + 2H2O ^Hf02 + 4HC1 

<66> ^7] HfCU^V ^^^^ m ^^-a^ SA>^H HfCUl- ^>7l 

-fi-^^(245)<Hl ^^Al^lJl. >S-7l ^^7l <?J^>7f ^^^^ ^^-a* SAV^H 

Hf02^ ^1^^^ ^12-^-^^(250)^ ^^^tt^. 
<67> olsq- ^o], tiV-g-i-;^^ :£'a*l-:n. 7] ^ ^^^^s. ^^i}<^ 

^ n>^fil ^ cl-^ ^^^^ o;tcf. >^7l ^V-g-ofl ^^^>>^] ^ 

^<HlAi ^^>^ ^^^^CAtomic Layer Deposition; ALD)«c^<^ 
^S. cl-# ^^^^ ^ o;tcf. 

<69> -^A]*^] 3 
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<70> £ 3a S. 3f^ ^ ^^S] ^X\d\] 35^ ^^^>7l 7ll^S. 

<7i> £ Sal- ^2:«>^, -Sl^^AlJlCtJl^ADs. K^o] ^]^^ ti>H^l 7]^# ^flttl xfloil 

^7l^V^ ^71 JSL^ ^7l^J-^ ^7] t[o]^^X\7]^ S) ^ -^H*> 

^ S^^Vc^ ^7] ^^^] 7]s^ ^c]] ^£1- -fr^lA]^ ^ o;i4. 

<73> ^7] ^^S. aViE^l 71:^(310) ^^S. ^ ^^^1(320)» 

<74> [til.o.>0 4] 

ZrCU + 2H2O -*Zr02 + 4HC1 
<75> tiVjt^] 7]:^ ^o.^ ZrCUS. oj^^^l^ ^^^1(320) 3E.<atbc]-. ^7] 

7]:^ S^<H1 ^£011 ^7] ^£^1 71:^ S.^o\] ZrCU^ 

5|-Sl«>1 ^7] ^]^^><\7]S. 7]^ S^ofl sl-^^aj-slol ^a^^(330)^ ^^^tb 

cf. <=>M, ^71 -^^ ^^^11- ^ s}-^^ ^^^^ ^7]-^o. 

<76> £ 3b* ^2:*>^. ^7] m ^^^(330)^ ^^i^^] ^^}JL ^^t}^ ^7] ZrCU 
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<77> ^7] ^ah^(330)^ S.^^ 7]% ^^7] <U^H^]^^])9 S.<a*> 

^. -^7] ^^7] '^^7} ^ ^3j-n]-(330)2l ^cj-o. avo.^^ ^yojofl oj^^ ^s. ^l^r^cf. 
Zr02 o]^6]:^ ^(345)0.1 
<78> ^7] m-^^^iSAS) ^^^<^ ^<^*>^1 iflofl ^^*>^ ^^7] ^;^>l- 

<79> £ 3c* ^S^V^S, ^7] ^11^^5]-(345) ;*|12 ^^^1(348)» i^s>^ 

<80> [H}-§-^ 51 

HfCU + 2H2O ^Hf02 + 4HC1 
<8i> 4-^1, tiV^^l 7]:^ >^o.^ HfCl4l- i^aW. ^7] ^ll-e-^^(345) &^^] 

>^7] ^11-^^^345) 3L^<^1 HfCUfe- ^7] m 

(345)<^1 ^«)-^2h5l<>| >112 ^^^(349)* ^^^ti-T^f. 
<82> £ 3d# ^^^1-^. -^-7] y^]2 ^^^5^-(349)^ ^'^^'Hl ^<^^M ^^JL, ^^*>^ 

5."a*>c^ Hf02 S. ol^<H^ ;^l2-H-^^(350)^ 
<83> £ 3eS ^2:^>ia, ^7] ^112-^^^(350) ^^^<Hl #<^^M ^*>Jl 

<84> ^7] ;^l2-^^B]-(350) ^vo.^ ;^13 ^^^] (355)1- 5L^*]-^ «]:^ £<a*> 
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<85> [HV-g-il 6] 

2A1(CH3)3 + O3 ^Al203 + 3C2H6 
<86> A], av:£^i 7]^ ^o.^ Al(CH3)3l- £<at!-i:f. ^V7l A1(CH3)3» ^ 

^fe "^m^l^ ^^^m 2:A>^o^ >a.7l A1(CH3)3* ^Jd^^^S. -gr^A]^ 

A1(CH3)3^ #^^sl-£]ol ^7] :^]2-^^^o{[ s^^:^^B\o] *.zi-^(360)^ ^^^^ 

^. 

<87> H 3f# %S*>^. ^7] ;H13 ^A^ofl %<^^}^] ^t}jL ^-§-1-^ 5^1 

aB#Al^ji, .^V7l ^13 ^^^5^-(360) ^^S. ^^<a^>l- -£<a*H AI2O3 ^ <^]^<H^ 
^l3-H-^^(365)« ^^^tbcf. 
<88> 'S-^l ;^l3-B-^^(365) ^^^<^ **>J1 ^^tH ^<=^1 ^^^^ ^-§-#^ ^^S. 

<89> ol5). ^o], «]:-§-l-^^ -£^^fJl s^-«l-^ahAl7l^ o]-^2}o.^ 

^ ^ ^fe cl-f^ ^^^^ ^ 9X^^, 

<91> ^^^Hl 4 

<92> £ 4a vfl^l 3E. 4h^ ^ ^^S] ^a^] 4ofl ^£.^1 ±7\$] ^^^]^ ^^^^J-^^ 
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<93> s. 4al- ^Sbt}^. n^o] ^A^^ aViE^l 7]^i400M m ^^^(405)^ ^^^^V:il 

^y] ^11 ^^^(405)^ ^^^}<=^ m 7fl^-?-(420)# ^^^t!-^-. 
<94> £ 45* ^^*>^. 7fl^-¥-(420)^ ffl^^V^^ >^7l 

<95> ^7] ^^ #&|Z1(430)» i^^l-oi m ^^^(405) ^o\] 42 ^<?1^(450)^ 

<96> £. 4cl- ^2:^>^, 3.^ s-e^ ^(430)1- gji .^7] -^^^2 ^<?!^-(450)^ <^ 

-^1-7] ^^ l-sizi(430)5^ ^-¥-^<^l -E.ei^iifl^7l-;^1 ^^^c^ ^2 7fl^-^(455)» 

<97> ^7] 42 7fl^^(455)l- 5£^*>c«^ ^12 2l|€(450a) ^^<H1 ^sl^sl^ 

^(460)* ^^Jtbi^l-. ^7] l-B]^sl^B]-(460)^ ^1-71 42 3ll^(450a)^ 

<98> :£ 4d* ^S«>^, ^7] ^(460) 71:^:01] ^5|-#^ ^^^}JL, 

7]:^]^ <?^p>(Chemical Mechanical PolishingXMP) ^^^4 ^^^^^ 
^s^nU70)-i ^^^^H ^7] ;^12 7fl^-f-(455)» i^H^tbc]-. 
<99> £ 4ei. %i-ss>^, ^7] ;^12 ^<^^ ^^UbOa)^ ^^^^1 l-^l^el^^ 
(460)^ ^7] 42 ^<^n 3fl€(450a)Sl ^^^o] h^^^7]77}7] ^z^-t^c^•. o]iqi, >^7l 
2 ^^B]- 31)^ (450a) ^z^-Sl^ -^7] 42 7fl^-f-(455)* ofl^^ 'a:^5]-(470)^ 
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^X\6\] ^zi-^>7ll^cf. ^z^-oil slSfl ^7] ;^12 ^^e^- 3Jfl€(450a) 

^^Itb #^^^e^^^(460)ol ^e^slol 7^4^]^^ *V-¥-€^(460a)ol 
<iOo> 4f§ ^2^^^, ^7] ^<^^ 2fl€(450a) ^ >^7l ;»ll2 711^^(455) ^ 

:^11^>^ <:]:^^(470)^ S.^ ^]7]^o_s.^ *l-^^^(460a)^ ii#Al^cf. 

<ioi> s. 4gl- %S*>^, ^7] ^l-^^^(460a)<^l ^^^^ 7l^^ -H-^^ ^^w1<^l 

^7] ^>^^^(460a) ^^S. -H-^^^* ^^^^1-71 ^-§-1-^* JS'a^^-. ^7] 

^^-§-#^ ^, ^11 ^^^1 (precursor)* i^«>^ ^-§-1-^^ ^-§-^ (7)^ wV-g-^ 
^11 ^^^(480)# ^^^tlrtf. 
<102> iviV-o.^ 7 J 

2A1(CH3)3 + O3 ^AlgOs + 3C2H6 
<103> o.^^ ^7] tiV^#^ ^ A1(CH3)3 o] ^^^>^ ^^^Wr ^fe- ^^^^ 2:A>BrH 

^^■71 A1(CH3)3 ^ #^^^^1?^ tiVH^l 7]^o\] 5|-«]-^^i-(chemisorped)^nf. 

^^^^ SA>Al7^ Al203^ ^ll^#^-(480)^ ^^^tti^. 

<105> ^sq^^ 2:^*f<>i ;«112 ^-S-#^* ^-i-^ (8)«^1 

<106> [«l:-§->b] 81 

HfCl4 + 2H2O -^Hf02 + 4HC1 

<107> ^y] HfCl47> ^^^^ ^^^^ ^^}^}<^ ^7] HfC^* -^7] m^^- 

B]-o)l *.3!-Al^lJl, >^7l ^^7] <a^>7> 51-3^1^ ^^q-a^ ^Al-*>o^ Hf02^ 
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o] =.0^:51 ;^l2^2^e^-(485)* ^^^^4. ^^l-^i . ^^^^(480) ^ m ^2t^(485)-2.S. 
-^^^(490)^ 

^ ^>^sl ^ cf^ ^^^^ ^ o;icf. >a-7l «}-§-ofl ^<:^*>^1 * 

<iio> 5|.«|-^2j-oi ^^sjig, ^7l^^ 7]^ ^H-i- 

<111> 71:^ 7><i«J-'a«^l filtV ^HS^^ 71:59: ^^Hl tfl^ 7HH 7]^ 71- 

5)^ ^^ol 7l^ aTa<=>fl tt^SlS-S ^£1- ^elJl v^^^ Al^Vo] cj^^cf. 
<112> o.^, ^^A]^^ ^^A]^ ^ o|cf. 

<ii3> £. 4h» #2:*]-^, >^7l -^-^^(490) ^'S^VtII £.^1-^ Si^^S^i 
^(495)^ ^-^^^M ^5|)AlE-ll- ^A^tb^. 
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<ii4> «><4 ^o] ^ ^T^o]] o^t}^, ^flal vfls., cf^S] av-g-^^^ :g-A]oi] 

<115> ols^. ^o], ^^^^^ l-^^^^l^ ^ 91^ ^^7l* ^fl 

^ cfs ^^o^ ^^^^ ^ Al;^^ la-^^ ^ o^rf. 
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^-£^1 ^^}^ 
[^^*ch 2] 

71^ ^Hl ^7l ;^lll-^^ ^^2^0.^ ^^^^It^ ^11^^'-^* ^ 

I^^^J- 31 
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I^^*c!- 41 

Ai^^o.^ >^7i «i-^oii ^^^^1?^ ^12 ^^^^ ^^^*>fe ^^1; ^ 

[^^*^ 61 

^15*J-<^1 ^<H^i, ^7l ;^13 ^ ^14 #11^ yfl^i 2^0.3. ^a^^aI^]^ <Hm^l* ^7> 
I^^*^ 71 
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[^^^J- 81 

9] 

^I2«j-<^1 Si^H, 2^1- «:^^2l-^ ^^-71 ;*ll2«:Hlul^l«Hl S^SI) ^2|-#^ol Sfe 

10] 

11] 

C^J^^J- 12] 

^7l ;t|lll-:g<Hl ^11«H1M^11- ^71 >llll-^^ 1^> ^7] 

^s.^] 7]^o\] ^^^]^ m ^^^^ ^a^]'. 

^7l ^^n-^ ^7] ifloil ^^5>^ ^111-^^ «fl#^l7l^ 

^7] ;^ll ^^VB]- >^oll ;Hl21-^# SSJ^V^ ^^1: ^ 
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^71 ^^i-^<Hl ^7] m ^^^^ 2^1- ;Hl2«:»im^l# A] 

^^l-<^ ^7] m ^^^^ ^7] A]2^^^ ^7] ^^^oil 1- 

^x\^ A]i wv^^ ^^^^^ s.^^}^ ^s.^] di7^^ 

13] 
14] 

^112«J-<H1 9X^^^, ^7] m ^^n^ SrSL^ ^7] tiViE^l #€<^1 
15] 

^7] m ^131-^^ £*a*>^ 

^ ^7] m ^<H1 ^^Al^ o.s.>«) ^7] ^71 ;«fll «^-^<^l ^l^ahA] 

^ ^7i >iii Mi-s^- ^6]] ^^^*>^ 

-^7] ;^12 ^A^*>Jl >a-7l vfl<Hl ^71 ;^13 wflt^^l^l 
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;^l2^3h^ ^^A]^ o.^Ml ^7] tiV-g-^^s. ^ ;H14#^* ^^^^ 

>a-7l ^12 ^n-^ ^^^^JL ^7] ^flWl tflofl ^^^fe >I14 
^Hl*>^ O.^ HVS^l ^7\2] 

163 

173 

C^^^ch 183 

^]12^J-<^1 ^ol^i. ^7l ;Hll ^Hl ^71 ^11 #2}-l-^ol oj^S] 

19] 
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[^T^^ 20] 

[^^*J- 21] 
[^T^-^ 22] 

^121%H1 ^7] ^Hll-^m^l SE^ ;5ll2<Hm^l7> iH^ ^7] ^91 ^^^]^ ^7] 

23] 

^11 ^^^^m ^^1; 

^3-71 ^11 1^^^* -^7] ^fllH Vfloll ^^*>^ ^ll#^^ Wfl#^l7l^ Cf;^!; 

^7l ;«1]1 ^avn^- >a-<>ll >112#^^ H'a^m ^^1; ^ 
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